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Abstract 
 
While space conditioning load contributes largely to the grid critical peak, shifting it partially or entirely to the off-peak period 
could have significant economic impact on both energy supply and demand sides. This shifting technique is accomplished by 
storing energy during off-peak periods in order to be utilized during peak periods. The building envelope integrated with phase 
change material (PCM) can provide latent heat thermal energy storage (TES) distributed in its entire surface area and inhibit the 
enhanced thermal mass in light weight buildings. Storing energy through an appropriate control strategy results in a longer shift 
of thermal load and lower energy demand. This study numerically investigates the effect of different control strategy on the 
thermal performance of a building with its envelope integrated with PCM. The simulation results showed that the most efficient 
control strategy is the one with room set-point temperature imposes the full melting and solidification of the PCM wallboard. 
© 2015 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the CENTRO CONGRESSI INTERNAZIONALE SRL. 
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1. Introduction 
 
Application of PCM wallboards in building has the advantageous of providing latent heat storage in a wide area 
of the building envelope. One main desired achievement of implementing PCM wallboard in building envelope is 
the shifting of demand from peak hours to another time of a day with a lower utility price and/or load. Therefore, 
both supply and demand sides appreciate cheaper and more economic utility. The shifting is obtained not only by 
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installing thermal storage but also with an appropriate control strategy to manage the charging and discharging of the 
stored energy. 
In this study, the concept of the control strategy is defined as the room set point temperature profile during 
heating season. In Quebec, Canada, the main utility peak for space heating is from 5:30 AM till 9:30 AM [1]. To 
avoid the energy consumption for space heating during this period, it is suggested to heat up the room during off 
peak period (night time) and then turn off the heater during the peak periods ([2] and [3]). The heating during night 
time (PCM charging period) is accomplished by increasing the set-point temperature to a higher operational 
temperature and then decreasing it back to the lower operational temperature at the start of peak hours. Therefore, 
PCM wallboards stores heating energy when room temperature set-point is high and release it back to the room 
when the room temperature set-point is reduced. Meanwhile, by selecting the set-point range appropriately, the 
thermal comfort is satisfied for the occupants. Although the comfort temperature range may vary from 18 to 25 
based on the ASHRAE standard [4], the selection of the range of room operational temperature is an important 
parameter in satisfying the occupants’ thermal comfort, charging procedure and the shifting of demand.  The 
selection of the room operational temperature has a significant impact on the performance of a PCM wallboard as a 
latent heat thermal storage system, which needs further investigations. 
This study focuses on the effect of control strategy on the charging procedure of a PCM wallboard and the 
shifting of energy demand in a heating season: Therefore, the selected range of the set-point temperature is between 
18-25°C to satisfy the thermal comfort criteria [4]. 
 
2. Methodology 
 
2.1. TRNSYS simulation 
 
The building selected for this study was a real bungalow-style residential building with two conditioned floors. 
The house, which dates back to 1960s, was recently partially renovated. It is located in a typical residential area in 
the city of Trois-Rivières, Quebec, Canada, and the front wall of the built space is oriented N46.5° W. It is a two- 
story building with a floor area of 104 m2 and with an approximate dimension of 12.8 m* 8.1 m. It has three 
bedrooms and a bathroom on the ground floor and a finished basement space. The thermal performance of this 
building was modeled using the TRNSYS simulation tool and its prediction was validated with measured data [5]. 
The simulated house was divided into 16 distinct zones. 
In this study, the conventional gypsum boards of the external walls in one zone were replaced with a PCM 
wallboard. The order of layers in the external wall section from the outside to inside are; brick, air gap (thermal 
resistance equivalent to 0.12 [m2.K.W-1]), fiberboard, insulation, and gypsum board. Their thickness and thermal 
properties are presented in Table 1. This zone has two external walls: one with the area of 8.64 m2 and the other with 
the area of 13.53 m2 oriented toward southwest and northwest, respectively. There is a steel door in the northwest 
wall with 1.256 [m2.K.W-1] equivalent heat transfer resistance. 
 
 
Table 1 Layers in external wall section 
 
Name of layer Thickness [mm] 
Thermal heat capacity 
[J.kg-1.K-1] 
Thermal conductivity 
[W.kg-1.K-1] 
Density [kg.m-3] 
Gypsum board 13 1090 0.16 800 
Insulation 140 944 0.05 49 
Fiberboard 13 1300 0.07 350 
Brick 102 840 0.42 1980 
 
The zones is conditioned by a baseboard heater with a measured full capacity of 1890 W, and it is controlled by 
its own thermostat. 
To simulate the house with TRNSYS, type 56 as the multi-zone building-component is accompanied by the other 
components required to provide the weather data, sky and soil temperatures, the set-point temperature of the  rooms, 
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and the baseboard heaters specifications. Moreover, the PCM wallboard was simulated by adding type 255 which 
was developed and validated by [6]. This component is added to the simulation studio in TRNSYS and linked with 
the multi-zone building-component. The simulation interface of the building with PCM component is presented in 
Figure 1. 
 
 
 
 
 
 
Figure 1. TRNSYS simulation interface of the house with PCM wallboard 
 
The installed PCM wallboard was selected from the collection of commercial materials in [7] and its thickness 
was sized using the developed design tool [3]. The thermo-physical properties of this PCM wallboard is tabulated in 
Table 2. 
 
Table 2 PCM wallboard specifications mounted in the house 
Material Density 
[kg.m-
3]
Thermal 
conductivity 
[W. m-2. K-1] 
Specific heat 
capacity [J. kg- 
1. K-1] 
Latent heat 
[J.kg-1] 
Solidification 
temperature 
[°C] 
Melting 
temperature 
[°C] 
Thickness 
[mm] 
PCM 
wallboard 
900 0.21 1340 28800 17 23 20 
 
The charging period of PCM wallboard was set for 5.5 hours starting from midnight until 5:30 AM which then is 
the onset of the peak period that lasts for four hours. Five control strategies were investigated in this study and they 
are presented in Figure 2. These operational temperatures are selected regarding two criteria. The first was the 
thermal comfort range which is between 18-25°C. The second criterion was the melting range of the PCM. Selecting 
the operational temperature close to the melting range of PCM wallboards is necessary to utilize the latent heat 
storage capacity of PCM. 
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The simulation was conducted for nine days consisting of three separate periods of three consecutive 
days. Here, each set of consecutive three days was selected in a way to have one set with an average 
outdoor temperature between 0°C to -10°C, another set between -10°C to -20°C, and the last set between -
20°C to -30°C. Therefore, the outdoor temperature and its effect on the room thermal performance can be 
categorized in three groups: cold, very cold, and extremely cold. The average outdoor temperature for each 
set is -8.56°C, -13.9°C, and -21.93°C, respectively. The average temperature was calculated along the 
entire day and night of the three days in each category. 
 
 
 
Figure 2 Five control strategies (set point temperature profile) to charge PCM wallboard during off peak hours 
 
3. Results and discussions 
 
For each weather condition and control strategy, the following parameters were determined by simulation: 
1) Heating energy consumption during the charging period. 
2) Daily energy consumption 
3) Time shift or time duration in which the heater was not operating 
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3.1. Energy consumption during charging period: 
 
The results are displayed in Table 3 for the consumed energy during the charging period. 
 
It shows that the charging energy is higher as the weather becomes colder, there is a difference of around 0.2 
kWh between “Cold” and “Very Cold” and around 0.4 kWh for “Very Cold” and “Extremely Cold”. The difference 
infers to the larger heat loss during colder weather condition from the building envelope and infiltration. 
Moreover, in strategies 1, 2 and 3 the energy demand is higher than strategies 4 and 5 since the first three 
strategies have longer operational temperature range (5°C) than strategy 4 (4°C) and strategy 5 (3°C). Therefore, 
they required a higher energy consumption. 
 
Table 3 Average energy consumption during three days of each weather condition [kWh] 
 
 Energy consumption during charging period 
[kWh] 
Total daily energy consumption [kWh] 
Strategy Cold Very Cold Extremely Cold Cold Very Cold Extremely Cold 
1 (20-25 °C) 7.81 8.04 8.46 9.98 10.69 12.13 
2 (19-24 °C) 7.73 7.96 8.37 9.71 10.42 11.84 
3 (18-23 °C) 7.69 7.92 8.32 9.54 10.24 11.65 
4 (20-24 °C) 6.75 7.00 7.44 9.29 10.00 11.53 
5 (20-23 °C) 5.62 5.87 6.31 8.6 9.34 10.95 
 
 
3.2. Daily energy consumption: 
 
When the charging period ended, the heating system was turned off and the room set point temperature was 
decreased to the lower bond. Therefore, as long as the room temperature was over the set point temperature, the 
heater was off and there was no energy consumption for space conditioning. In the moment that the room 
temperature reached the lower set-point the heater was turned on again. The total daily energy consumption is the 
summation of the heating energy during charging period and the rest of the day. The calculated  energy 
consumptions are presented in Table 3. 
Similar to the charging period, the total energy consumption depends on the outdoor weather conditions. 
Therefore, for colder outdoor temperature, the total energy consumption is higher. Regarding the strategies, the total 
energy consumption differed with the same order as the case for the charging period. However, the difference is 
smaller. Although the strategies with smaller range of operational temperature, had less energy consumption during 
charging period, the heater turned on earlier during the day to condition the space due to the lower PCM wallboard 
stored energy. 
 
3.3. Time shift: 
 
Shifting energy consumption is one of the main goal in the application of PCM wallboards. Having knowledge of 
the length of the shift is important in the design and the application of PCM wallboard. The adopted control strategy 
affects the length of the shift and here, it is characterized as the time period that the heater is not operating from the 
end of charging period. Table 4 gives the time shift of each control strategy. 
Table 4 shows the impact of the range of the room operational temperature and its relationship with the melting 
range of PCM on the length of time shift. Here, the wallboard melting range is between 17-23°C (see Table 2). 
Strategy-3 provides a room operational temperature that a larger portion of PCM faces with a phase transition as the 
lower operational temperature is the closest one to the solidification temperature of the PCM. Therefore, strategy-3 
presents the longest shift due to utilizing the largest portion of the available latent heat storage capacity of the 
wallboard. Moreover, strategy-1, strategy-2 and strategy-3 with longer operational temperature range provides a 
longer shift than strategy-4 and strategy-5 due to storing more thermal energy both as latent and sensible heat. 
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Table 4 Shift of energy consumption [hr] 
Strategy Cold Very Cold Extremely Cold 
1 (20-25 °C) 10.00 9.86 8.22 
2 (19-24 °C) 10.53 10.22 8.72 
3 (18-23 °C) 10.97 10.58 9.14 
4 (20-24 °C) 8.08 8.11 5.75 
5 (20-23 °C) 6.25 4.94 3.64 
 
 
4. Conclusions 
 
This study investigated the effect of control strategy on the performance of PCM wallboards to shift the energy 
demand. Five ranges of room operational temperature were selected in the context of charging the system during off 
peak. The heating energy consumption inside a room furnished with a PCM wallboard was simulated  and 
determined during the charging period, and the entire day. Also, the length of the shifting of energy demand was 
calculated for each strategy for three different climate conditions. 
It concluded that having a larger range of room operational temperature results in a higher energy consumption 
during the charging period and the entire day. Moreover, larger range of operational temperature avoids the 
operation of the heater for space conditioning for a longer period after the charging hours. 
Selecting the upper and lower bond of the room operational temperature, also, affects the shift of energy 
consumption. Setting those set point temperatures close to the solidification and melting temperatures of a PCM 
wallboard forces the material to heat up and cool down in its melting range temperature. Consequently, a higher 
latent heat capacity of the PCM is utilized, and a longer shift of energy is acquired 
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